Abstract: Endowing agents that prefer cooperative outcomes with asymmetric power substantially increase the chances that both cooperative agents survive and that cooperative worlds evolve across a variety of structural settings of conflict and cooperation present in international relations; particularly when agents are endowed with the ability to selectively interact with other agents. These results are consistent with the general finding that non-compulsory play consistently helps cooperators. The question addressed in this analysis is whether or not asymmetric power also helps exploitive agents in the same structural settings; a question heretofore not analyzed. Contrary to expectations, the simulation results reported here suggest that exploitive agents do not benefit from asymmetric power. In effect there is an asymmetry in the benefits of asymmetric power.
Introduction
Whether and how cooperation emerges and can be maintained in social settings characterized by the presence of selfish agents engaged in repeated relations without central authority has been of considerable importance to scholars of international politics. 1 In particular, international relations scholars have been interested in features of agents (typically nation-states), the relations among agents, and the structural environment agents are embedded in that make cooperation either possible or more likely.
2 Nation-states, of course, are differentiated on many dimensions and it is not surprising that differentiation among agents in terms of power and capability, what I label asymmetric power, has been of particular interest to international relations scholars because such asymmetries have been an enduring feature of international systems.
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In this vein, Majeski (2004) constructed a set of agent-based models based upon a group of repeated 2X2 games (Prisoners Dilemma, Chicken, Stag, Assurance, and Deadlock) and examined the effects of the introduction of asymmetric power among agents on the emergence of cooperation. 4 The analysis demonstrated that the introduction of asymmetric power substantially increased the chances that cooperative agents survived and that cooperative worlds evolved; particularly when agents were endowed with the ability to selectively interact with other agents in their world (Majeski, 2004) . Selective interaction helps agents that want to cooperate more effectively establish and maintain what could be characterized as cooperative regimes where norms of niceness, retaliation, and limited forgiveness prevail. For those cooperative regimes to be maintained agents must punish both free riders and exploiters.
1 It is not surprising that the introduction of selective interaction increases the likelihood that cooperative agents survive and generate high levels of cooperation in an initially hostile environment. Selective interaction is a form of non-compulsory play and, like providing agents with the option to exit, withdraw, or move away from undesirable locations, has been shown to increase the likelihood of cooperation. 5 Selective interaction helps agents that want to cooperate because they can choose to interact only with those agents that also cooperate and avoid interacting with those agents that defect.
The reason that selective interaction helps agents that prefer cooperative outcomes also appears to apply to agents that want to exploit other agents. 6 Exploitive agents also do well when they interact with other agents that cooperate and do poorly when they interact with other agents that defect. Exploitive agents that either only or almost exclusively interact with agents that are exploitable (those who unilaterally cooperate and/or do not punish unilateral defection) ought to do well and should be more effective at exploiting and potentially destroying cooperative regimes than exploitive agents that must interact with cooperative agents that do retaliate and punish defection and/or with other exploitive agents. Yet, the effects of providing exploitive agents with asymmetric power have not been systematically examined.
The international system contains agents that seek to exploit other agents in many contexts. Indeed, the fear that other agents will attempt to exploit them is a central concern for nation-states engaged in such phenomena as arms races and arms control arrangements. Economic embargos and sanctions often fail because some states exploit the cooperative arrangement and secretly break the embargo agreement. International agreements such as the Ottawa Treaty to Ban Landmines, Kyoto Accords on Global 2 Warming, and the Nuclear Non-proliferation Treaty are undermined because key states either cheat or never enter into the agreement. Finally, bargaining about trade agreements with threats of sanctions and the possibility of trade wars are designed to constrain both potential and actual exploiters. Given, the prevalence of contexts in international politics where exploitation is likely, it makes sense to determine whether or not exploitive agents also benefit from asymmetric power.
In this analysis, the impact of providing exploitive agents with asymmetric power is examined in a variety of different settings of conflict and cooperation prevalent in international relations (Chicken, Stag, Assurance, Deadlock, and Prisoners Dilemma).
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Before doing so, the structure of the agent-based model that agents inhabit and interact in is developed and two forms of asymmetric power are explicitly introduced. 
Structure of the Agent-based Model
All agent-based models have two components: agents, and an environment or world the agents inhabit. In abstract terms, agents are bundles of two types of rules: those that define various internal states of the agent and those that dictate how the agent responds to various stimuli from other agents and the environment (Holland, 1995 surviving. An agent is eliminated from the simulation when its energy falls below zero.
Fourth, because all social units, including nation-states, eventually fall apart, disband, go bankrupt, are taken over or are overrun, agents are assumed to have a limited existence or life span. An agent has a probability (Γ) of being eliminated for all iterations of the repeated game,
where A is the age of the agent, T is a constant for the minimum life span, and M is a constant where T+M is the maximum life span. 12 Once an agent reaches the minimum life span, then it has a nonzero and increasing probability of elimination until it reaches the maximum life span, and then it is eliminated with a probability of 1.0. 13 Of course, agents can be eliminated at any time if their energy level falls below zero.
Fifth, agents reproduce in the sense that they create a replication of themselves. In effect, a successful agent "expands" by generating a "clone." 14 The replicated agent ("clone") has the same strategy as its "parent" unless mutation (discussed next) occurs.
Replication requires a certain level of energy (maturity, size, power, wealth) and it costs the agent a significant amount of energy. Agents must reach a fixed level of energy (ρ) before they can replicate. Once an agent replicates, the energy of the agent and the replicated agent are both set to (ρ/2). In the simulations analyzed here, (ρ) is set to 1000 energy units. Following replication the agent has 500 energy units and the "clone" has 500 energy units. The replicated agents are placed in a randomly selected open cell on the grid. This approach to setting reproduction thresholds and determining the relative fitness of the members of the population has the advantage of performing the reproduction and elimination calculation at every iteration instead of making periodic sweeps through the population and more gracefully modifies the population of the simulation.
Sixth, a mechanism to vary agents' strategies and introduce new strategies must be incorporated to give the agent-based model a dynamic component. Without the introduction of such a mechanism, the model would be static and devoid of change. In this analysis an evolutionary approach is taken and the introduction of new strategies is introduced generationally via strategy mutation. Modelski (1996) 
Asymmetric Power: Differentiation among agents in both capabilities and payoffs
Two forms of asymmetric power are introduced into the agent-based models. First, asymmetric power is introduced by giving some agents the ability to selectively interact with other agents while making interaction mandatory for all other agents. As noted earlier, selective interaction can help all agents, whether they want to cooperate or not, 8 because they benefit when they interact with other agents who cooperate and suffer when they interact with agents that defect. Selective interaction is introduced into the agentbased model in the following fashion. When an agent interacts with another agent, it develops a history of play with that specific agent. The agent keeps track of how many times the other agent(s) defects. If the other agent defects (n) times in (m) prior interactions, where 0<n<m, then the agent will not interact with that agent again with the following proviso: 17 an agent can "choose" not to interact with the other agent only if it is more powerful than the other agent.
The constraint on the ability of agents to "choose" to selectively interact is designed to capture the fact that in many contexts in international relations, the choice to interact or not is often dictated by an agent's relative capability. Weak states often lack choices that more powerful states have. In the agent-based model the power to choose to interact is measured by the agent's energy level, a surrogate for material wealth and/or power. Reflecting the idea that more powerful agents have more choice and flexibility in international politics, only agents' that have greater wealth and power have the ability to choose whether or not to interact with another agent. 
Assessing the Benefits of Asymmetric Power for Exploitive Agents
Do exploitive agents also benefit from asymmetric power? The approach taken here is to assess whether agents having asymmetric power are more able to take over and dominate a world initially populated with cooperative agents than exploitive agents without asymmetric power. To implement this approach a design similar to that used by Axelrod (1984) Once the other agent defects just once, it will always defect whenever it interacts with that agent again.
To establish a benchmark and to determine whether the introduction of asymmetric power makes a difference in the ability of exploitive agents to invade a large group of cooperative agents, five simulations of each strategy mix (i.e., 50 Grim and 10
All-D) were run for each of the five different game structures without the introduction of asymmetric power. 20 Each simulation was run for 200,000 iterations and these results are reported in Table 1 . The actual payoffs the four outcomes CC, CD, DC, DD employed in the simulations are for the PD game (1, -3,3, -1), Chicken (1, -1,3, -3), Assurance (1, -3, -2, 0), Stag (1, -3,0, -1), and Deadlock (-1, -3,3,1). 21 These payoffs conform to the preference orderings over the outcomes for the various games. The specific payoff values were selected to make the payoffs across the five games as comparable as possible. In addition, the range of the payoffs across the games must be consistent so that the function that affects the environmental carrying capacity and the cost of survival operates consistently across the five games.
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The outcome of each simulation run is placed into one of three possible categories; stable cooperation (SC), non-cooperation (NC), and punctuated equilibrium (PE). A stable cooperative outcome occurs when a high level of cooperation (the average cooperation rate among agents is over 95%) is achieved at some point in the simulation and is maintained until the end of the simulation run. A non-cooperative outcome occurs when the average cooperation rate declines and stays at less than 5% for the duration of the simulation run. A simulation run is categorized as an instance of punctuated equilibrium if, after stable cooperation is achieved, it is followed by periodic (one or more) massive dips to near universal defection.
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The baseline results establish where there is an opportunity to assess whether and to what extent endowing exploitive agents with asymmetric power increases the likelihood of successful invasion. Such an opportunity arises in any situation where exploitive agents without asymmetric power fail to invade 100% of the time. This occurs when the non-cooperative outcome (NC) is achieved less than 100% of the time.
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An examination of Table 1 reveals that there is an opportunity for "improvement" for
All-D exploitive agents in all the 2X2 games (PD, Chicken, Stag, and Assurance) except
Deadlock. Specifically, exploitive agents can benefit from asymmetric power in the following game/cooperative agent strategy settings; Stag/All-Cooperate, Assurance/AllCooperate and for all four games (PD, Chicken, Stag, and Assurance) where the cooperative agents "employ" TFT or Grim strategies; ten in total. There are a number of candidates for exploitive strategies that are more "manipulative" or at least more "devious" than All-Defect. In most games, All-Defect can be an effective strategy against the "naïve" All-cooperate strategy but far less so against provocable strategies such as TFT and Grim. A potentially more effective strategy is mean tit-for-tat (MTFT). An agent employing a MTFT strategy cooperates when it first plays another agent, always defects when the other agent defected in the previous iteration, and, most importantly, defects with a probability (1-P) if the opponent cooperated on the last iteration of the game. 26 Because agents employing such a strategy cooperate more than All-Defect strategies, they are likely to have more opportunities to 13 benefit from exploiting their opponent. This may put them in a position to be more likely to succeed in invading a large number of agents employing various types of cooperative strategies.
Simulations were run across the twenty game/cooperative agent strategy/asymmetric type cases (noted above) with MTFT agents replacing All-Defect agents. Exploitive MTFT agents benefiting from asymmetric power are able to successfully invade cooperative agents in only one of the twenty cases; when exploitive agents are endowed with payoff differentials and play against Grim agents in the Assurance game. Again, asymmetric power fails to help even more "sophisticated" exploitive agents.
The evidence presented to this point indicates that asymmetric power is essentially of no help to exploiting agents in their efforts to invade worlds populated with significant numbers of cooperative agents. So let us ask a different question. Does asymmetric power help exploitive agents prevent invasion by various types of cooperative agents? To answer this question simulations were run where 50 All-Defect agents defended against invasion by ten All-cooperate agents for the Assurance and Stag games, ten TFT agents for PD, Chicken, Assurance and Stag games, and ten Grim agents for PD, Chicken, Assurance and Stage games. 27 The results are reported in Table 2 . Table 2 about here For the first time asymmetric power helps exploitive agents in a significant way. AllDefect agents, who benefit from payoff differentials, defend against invasion 100% of the time in eight of the ten-game/cooperative strategy cases. Only in Chicken games do they defend successfully less than 100% of the time; 20% against invading Grim agents and 60% against invading TFT agents. Success in defending against invasion by cooperative agents is more problematic when exploitive agents are endowed with the ability to selectively interact. Nonetheless, the ability to selectively interact significantly increases the chances that exploitive agents can ward off invasion by cooperative agents in almost all cases; the lone exception being the Assurance game/TFT combination.
Summary
Does asymmetric power, in the form of either differences in capabilities agents are endowed with or in payoffs received from interactions, help exploitive agents to the same extent that it has been shown to benefit cooperative agents in a variety of settings of conflict and cooperation prevalent in international politics? To address this question a set of agent-based models based upon a group of repeated 2X2 games (Prisoners Dilemma, Chicken, Stag, Assurance, and Deadlock) was developed and a series of simulations were run comparing the ability of exploitive agents with and without asymmetric power to invade worlds dominated by cooperative agents. Contrary to expectations, the simulation results indicate that exploitive agents are not as fortunate as cooperative agents.
Providing exploitive agents with two different forms of asymmetric power, selective interaction or payoff differentials, fails to enhance their ability to invade groups of cooperative agents. There is clearly an asymmetry to the provision of asymmetric power.
Asymmetric power helps cooperative agents invade an exploitive, nasty, and conflict ridden world and build stable cooperation because it provides cooperative agents with a mechanism to initially survive in that exploitive world and build a network of cooperators that generates prosperity effectively isolating exploiters and eventually eliminating them. 28 Asymmetric power fails to help exploitive agents invade and tear down cooperative worlds because; 1) it does not enhance the ability of exploiters to survive in the early stages of the simulation because there are very few other exploiters to avoid and 2) networks of exploiters (whether they have asymmetric power or not) do not form to compete with networks of cooperators since there are no benefits derived from networks of exploiters. This is good news for cooperation theorists. However, asymmetric power does help exploitive agents defend against invasion by cooperative agents though more so when they benefit from favorable payoff differentials.
Exploitive agents, whether they are endowed with asymmetric power or not, appear to find themselves in one of two situations in most structural settings of conflict and cooperation prevalent in international politics. Either exploiters lead a lonely (few interaction opportunities with other agents) and numerically insignificant existence in a world dominated by a cooperative regime (most effectively populated by cooperative agents that do not unilaterally defect but do retaliate), or they dominate a world where there is essentially no cooperation, little to no interaction among agents, and very little prosperity (low payoffs). At best, asymmetric power helps exploitive agents maintain this bleak, low interaction Hobbesian-type world. Stein, 1982; Axelrod, 1984; Keohane, 1984; Snidel, 1985; and Oye, 1986. 2 As Fearon (1998) suggests, cooperation theorists have particularly tended to focus on various strategic structures that they assert fit different international issues.
3 A number of simulation and agent-based models have been developed, in part to test realist theory, that have focused on power and differences or asymmetries in power among agents (Bremer and Mihalka, 1977; Cusack and Stoll, 1990; and Cederman, 1997) . 4 Agents face different incentives in each of the five 2X2 games. In some games the incentives that agents face make the decision to cooperate relatively easy and free from risk and punishment while in other games choosing to cooperate requires assuming substantial risk and cost. The ability to achieve cooperation among agents varies across these games and the meanings attributed to cooperation across the games also vary. See Oye (1986) for a description of these and other games in an international relations context as well as an assessment of the relatively difficulty of achieving cooperation across the various game structures. See Majeski (2004) for a discussion of the preference orderings over the four outcomes of each game, the Nash equilibria for the five games, and key differences in the preference orderings over outcomes that affect the likelihood of cooperation.
5 See Vanberg and Congleton, 1992; Orbell and Dawes, 1993; Kitcher, 1993; Batali and Kitcher, 1994; Stanley et al, 1994; Macy and Skvoretz, 1998; Majeski et al, 1999; Hauk and Nagel, 2001; and de Vos et al., 2001 .
1 outcomes are far less likely to occur, and change in the mixtures of types of agents occurs far more slowly. Introducing a lifespan to agents gives the simulations more dynamicschanges are more likely to occur and to happen more quickly.
14 Since agents are nation-states, it makes sense to think of reproduction as asexual. The "genetic material" (here the strategy of the agent) comes from one "parent" and there is no "crossover" of genetic material. Successful nation-states "expand" by generating clones that inhabit more space in the toroidal world. 15 For the use of an evolutionary approach to explain aspects of international relations see Florini (1996) and Gilpin (1996) . 16 These features of the international system also make changes in strategy due to innovation difficult. Also, when innovation is characterized as a process whereby a very small percentage of agents randomly vary their current strategy (e.g., Lomberg, 1996) as in a trial-and-error search mechanism, then it has similar properties to generational change via mutation. 17 In the simulations results reported, m=6 and n=3. Other values of m and n were examined as well with only minor alterations in the results. 18 This constraint limits the opportunities that exploitive agents have to choose not to interact with other agents. Only those more powerful than the agents they interact with have the opportunity to chose whether or not to interact. 19 The set of 10 All-D agents and 50 agents with some cooperative strategy mix (Grim, TFT, ALL-C) is used because it creates differentiation. 20 The model is used to carry out an experiment via simulation. A number of simulations are run with differing mixes of strategies where exploitive agents do not have asymmetric 4 power. Then the same set of simulations is run with only one change; the introduction one type of asymmetric power and the simulation results are compared to assess the impact of this "manipulation."
21 The Assurance game depicted here is based upon the game elaborated by Taylor (1987, 18-19, 38-39) and is consistent with its use by Franzen (1995) . The structure of the Stag game presented here is consistent with what Lichbach (1996, 47) and Stein (1990) call Assurance games. 22 The agent-based model described earlier has a number of parameters that must be fixed at some value. A large number additional simulations were run to assess the robustness of the simulation results to variations in payoffs, mutation rates, mutation magnitudes, reproduction thresholds, and life span lengths. The sensitivity analysis indicated that the general results are robust to variations in these important parameters.
23 Nowak and Sigmund (1993) labeled these types of patterns punctuated equilibria and I use the term here for the sake of consistency. 24 If exploitive agents invade successfully 100% of the time without asymmetric power, then there is no way to determine whether providing asymmetric power to exploitive agents in these contexts is beneficial. 25 The two cases where exploitive agents benefited from asymmetric power occurred in Assurance games where All-Defect agents benefited from payoffs differences and were paired against Grim and TFT agents. These are quirky cases where the boost in payoffs due to the increase in payoff differences helps the All-Defect agents more when they interact with agents that retaliate than against those who do not retaliate. 
